The Dynamics of Population Aging pectancy was "fixed" and that population growth was driven by fertility (Coale 1957; Lew and Seltzer 1970; Stolnitz 1957) .
Until the late 1960s, national vital statistics showed little improvement in the mortality rates of the elderly. Through the 1950s and early 1960s, female mortality above age 65 declined modestly; in some years male mortality even increased. The National Center for Health Statistics (NCHS) stated that "the death rate for the United States has reached the point where further decreases as experienced in the past cannot be anticipated" (NCHS 1964, 42)-a view also expressed by biologists studying aging (Hayflick 1965; Strehler 1975 ). Dubos (1969) suggested that life expectancy past age 45 could not change. Lew and Seltzer (1970) (table 1) .
In 1977, U.S. Census projections underestimated the 1990 elderly population by 1.7 million persons, while projections of the 2020 elderly population were 7 million lower than is now projected. Projections based on a model of risk factor changes are presented in table 1 for comparison (Manton, Stallard, and Singer 1991) . These assume that significant changes in risk factors can be achieved and suggest that the elderly population could grow even faster than in current Census projections. The large decline in heart disease and stroke mortality in the United States, and increases in life expectancy in Japan and other developed countries, forced a reexamination of human life expectancy "limits" (see Myers and Manton 1984 ; Rothenberg, Lentzner, and Parker 1991). Evidence of a decline in heart disease mortality had already appeared in California in the 1950s (Borhani 1978) . The causes of early declines in heart disease and stroke mortality are unclear. National hypertension control efforts did not emerge until the early 1970s (Brody 1984) . By 1968 national data reflected reductions in total, cardiovascular, and stroke mortality. These changes were initially disregarded, partly because SSA and Census projections used extrapolations of long-term 31 The Dynamics of Population Aging mortality trends, and partly because experts believed that the "limit" to life expectancy had nearly been reached (see Bourgeois-Pichat 1978; Fries 1983; Ryder 1975 ). The arguments for a "limit" stated that the quality of life in industrial societies increased chronic disease risk because of environmental pollution, dietary changes, reduced physical fitness, increased consumption of cigarettes, alcohol and drug abuse, social dissolution, and sociophyschological "stress" (e.g., Dubos 1969). Omran (1971) characterized this "third" stage of the "epidemiological transition" as the "age of degenerative and man made diseases." Economic (Graham 1957) and social (Tayback 1957) barriers to medical care access were observed for large portions of the U.S. population-a concern continuing today in debates about health insurance coverage.
As economies advanced and became more industrialized, these models suggested that life expectancy was limited by risks intrinsic to society. Chronic disease emerged as the major public health issue at the same time as infectious and childhood diseases were controlled through immunization, hygiene, nutrition, and child health programs (McKeown 1976; McKinlay and McKinlay 1977) . Increasingly, it was argued that biomedical resources were disproportionately funneled into research on treatment, permitting disabled persons to live to advanced ages, while investment in disease prevention was inadequate (e.g., Gruenberg 1977).
Magnifying the effect of life expectancy increases was the high fertility between 1947 and 1963 that produced the "baby boom" cohorts. Initially, concern focused on their effect on education and the labor force (e.g., increasing the size of the primary and secondary educational systems to handle a larger volume of students). By 1982-1983 it was recognized that increased cohort size and improvements in life expectancy had major implications for Social Security and Medicare. Congressional hearings were held to examine the fiscal implications of fertility and mortality trends and to determine why the trends had not been identified earlier (Manton 1983; Myers 1981 
Qualitative Effects of Individual Health Changes and Population Aging
As Social Security eligibility and payroll taxes were revised, concerns were expressed over two health issues. First, would increases in life expectancy result in poorer aggregate health for the elderly because the individual's longer life would be burdened with increased acute and long-term care (LTC) needs (Feldman 1983 )? Would there be more elderly persons who, on average, would be less healthy and functional? Second, it was recognized that, as mortality improved at age 65 and at age 85, the "baby boom" cohorts who would reach age 85 between 2032 and 2048 would produce a major health policy challenge: provision of community and institutional LTC services to a significant portion of the U.S. population. Until 1982-1983, the management of elderly, chronically ill, and disabled patients mainly occurred in nursing homes. Community home health care was not well developed and little effort was directed to preventing chronic disease or disability (agedetermined diseases were viewed as "natural" concomitants of aging; e.g., Brody and Schneider 1986). This was consistent with a life expectancy "limit"-that age-determined degenerative changes were biologically intrinsic, and that "maintenance" of the oldest old was the goal.
In the 1960s and 1970s patients were "deinstitutionalized" from state mental hospitals. These hospitals often provided chronic care for elderly cognitively impaired persons. Deinstitutionalization resulted in a rapid growth of the U.S. nursing-home population (Kramer 1980) . After 1977, the growth of the nursing-home population was restricted (Densen 1987 Coupled with public programs to control risk factors was the emergence of effective treatments like bypass surgery, thrombolytic therapy, and control of coagulation disorders for myocardial infarction (Blackburn 1989). Significant progress against cancer has been made by improved early detection, although effective therapies have developed less rapidly.
Risk-factor trends translate into changes in total mortality (e.g, Multiple Risk Factor Intervention Trial Research Group 1990). Table 3 presents the proportion, and mean age, at death for heart disease, stroke, and cancer. Age at death from cancer, heart disease, and stroke increased concurrently with the risk factor changes shown in table 2. The potential gain in life expectancy for males from eliminating cancer increased from 1.9 years in 1968 to 2.8 years in 1987; for females from 2.3 to 3.0 years-even though the mean age, and proportion, of deaths caused by cancer increased.
However, the use of "independent" cause elimination life tables to estimate life expectancy limits has two problems. First, in order to eliminate the causes of death not resulting from senescence, they first have to be identified. Olshansky, Carnes, and Cassel (1990) selected heart disease (coded at two levels of generality), cancer, and diabetes as conditions to be eliminated. However, additional causes of death (e.g., chronic obstructive lung disease) also could be partly eliminated by 3I5 
The Need for Data on Population Health Changes
Given the range of innovations in the acute and LTC systems, it is clear that nationally representative information on changes in the physical and social characteristics of the LTC and oldest-old population was needed. The 1985 supplement on the oldest old showed that detailed health and demographic data were lacking and that new data collection efforts had to be designed and fielded. Innovation was needed to deal 3I9 
Methods of Payment for Care
The growth in the elderly population will necessitate the development of public policies that will control costs while effective services are developed and extended. It will also require the introduction of alterna- Congressional proposals to expand Medicare benefits to include LTC have focused on personal assistance for persons with a specific level of impairment. This could force substitution of personal care for assistive devices-even for persons currently coping with assistive devices-and thus provide perverse financial incentives. It might reduce the level of social autonomy among the elderly. These proposals have not utilized the detailed longitudinal information now available on services used by the LTC population: assistive devices already provide more LTC service than personal assistance, and are increasing in importance.
There are emerging technologies that could further help deal with chronic impairment and do not require personal assistance. The use of new materials (e.g., carbon fiber in leg prostheses) has produced vastly improved devices that allow persons with lower-leg amputation not only to walk better, but even to compete in sporting events. These prostheses both cushion the shock of hitting the ground and use the kinetic energy stored in an air bag when stepping off the ground. This simulates leg motion by transferring energy provided by the quadriceps to the point at which the missing calf muscle would operate. Electronic sensors of the position of the artificial limb on the person's body, and in relation to the ground, facilitate coordination of movement with prostheses. There are technical advances aiding persons with sensory loss (e.g., plastic implantable lenses for cataract patients). Largely unexplored is the use of "expert" or artificial intelligence systems to monitor the activities of mildly demented patients or of "voice activated" systems for profoundly physically impaired persons. 3z6 3z8 
